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© Computer simulation of live organ. 

© A computer system receives two dimensional 
slice data of a heart or other organ to be simulated 
in three dimensions. It also receives composition 
data of the heart or other organ, and chemical com- 
position data from other parts of the body. These 
data are put in the computer memory. Then a Voxel 
View or three dimensional volume rendering pro- 
gram forms images of the organ to be studied. For 
example, with the heart ft generates images of the 
atria and ventricle. Diagnostic data obtained from a 
patient conveniently with electrical measurement sig- 
nals including an electrocardiogram, etectromyog- 
ram, electroencephalogram, and other diagnostic 
measured electrical signals obtained from a patient 
are fed Into the system and arerplacett-'irr-'coiB^jter 
memory. Physiological data of the patient Including 
the strength, weakness and other parameters of the 
organ is also considered diagnostic data and is 
supplied into the system. This can be done manually 
with a keyboard or mouse, or may be supplied from 
a hard disk, a floppy disk or a tape. This is also fed 
into memory and is used to modify the three dimen- 
sional image data of the organ. This data is then 
synchronised with the electrical signal diagnostic 
data. Conveniently, the first derivative of the elec- 



trical data signal is taken, and P" and Q waves 
determined from the derivative. From this informa- 
tion the organ, including sub-parts, may be simu- 
lated. This data may be fed in black and white or 
preferably in colour to a device which shows the 
organ for visualisation, operation, simulation or train- 
ing. 
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This invention relates to the field of the genera- 
tion of images of live organs in humans or animals, 
and of movements of those organs. These can be 
useful for visualisation, simulation of operations, or 
for training. 

Various known systems address related but 
different problems. For example U.S. Patents 
3,453,745 and 3,552,036 disclose electronically op- 
erated means to simulate, control, and modify ECG 
signals. The signaJs are displayed on standard os- 1 
cilloscope-type monitors. However, these patents 
only address means to simulate ECG signals. 

U.S. patent 4,091,549 discloses means to trace 
heart electrical activity through specific points of a 
heart by means of illumination of specific parts of n 
an illustration of a heart. - 

U.S. patent 4,091,562 discloses means to trace 
blood flow through specific points of a heart model 
or other component of a living organism. 

One object of the invention is to display to an 2C 
observer a pictorial image of an organ in a body of 
a patient (human or animal) generating EEG, EMG, 
ECG, or other diagnostic electrical signals as these 
signaJs are occurring in the patient. The diagnostic 
signals are commonly voltages measured of the 2S 
heart tissue indicating expansion and contraction of 
the heart. Another object is to provide a three 
dimensional interactive view of an organ's, particu- 
larly a heart's, operation from electrical measure- 
ment signal type information. 30 
A further object is to allow the operator to manipu- 
late various characteristics and dynamics of the 
modelled heart or the signals from an actual or 
simulated EEG. EMG, ECG, or other diagnostic 
electrical measurement signal type monitor and 35 
observe the results on interactive, three dimen- 
sional graphical models for study, teaching, diagno- 
sis, and research purposes. Another object is to 
provide the capability to surgically or chemically 
interact with, probe, or explore the object of study. 40 

SUMMARY OF THE INVENTION 

A computer system receives two dimensional 
slice data of a heart or other organ to be simulated 45 
in three dimensions. It also receives chemical com- 
position data of the heart or other organ, and 
chemical composition data of other parts of the 
body. These data are put in the computer memory. 
Then a Voxel View or three dimensional volume so 
rendering program forms images of the organ to be 
studied. For example, with the heart it generates 
images of the atria and ventricle. Diagnostic data 
obtained from a patient conveniently with electrical 
measurement signals includidng an electro-cardiag- 55 
ram electro-myogram, electro-encephalogram, and 
other diagnostic measured electrical signals ob- 
tained from a patient are fed into the system and 
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are placed in computer memory. Physiological data 
of the patient, including the strength, weakness and 
other parameters of the organ, is also supplied into 
the system. This can be done manually with a 
keyboard or mouse, or may be supplied from a 
hard disk, a floppy disk or a tape. This is also fed 
into., memory and is used to modify the three di- 
mensional image data of the organ. This data is 
then synchronized with the electrical signal diag- 
nostic data. Conveniently the first derivative of . the 
electrical data signal is taken, and P and Q waves 
determined from the derivative. From this informa- 
tion the organ, including sub-parts, may be simu- 
lated. This data may be fed in black and white or 
preferably in color to a device which shows the 
organ for visualization, operation simulation, or 
training. 

The invention will be explained with reference 
to the accompanying drawings of an* exemplary 
embodiment of the invention. 

Figure 1 is a schematic representation of the 
three dimensional organ monitor of the present 
invention. 

Figure 2 is a schematic representation of the 
conversion model program used in the present 
invention. 

Figure 3 is a schematic representation of the 
physiological model dynamics program used in the 
present invention. 

Figure 4 is a schematic representation of the 
three dimensional graphics program used in the 
present invention. 

Figure 1 is a block diagram of the overall 
system. Five major features are described. 

One feature is the interactive devices (120), 
which may be hand generated data including key- 
board (52), mouse (122), touch sensitive screen, 
light pen, or other device. Data may also be intro- 
duced by a voice command signal. 

Another feature is the input chemical composi- 
tion and dimensional slice data. This may come 
from several sources, including Nuclear Magnetic 
Resonance Imaging Data (11), Computerized 
Tomography Data (22), or Interactive Device Gen- 
erated Data, which may come from magnetic tape 
(14), (26), (50) or data in computer memory or from 
an appropriate interactive device (120). Physiologi- 
cal data may be pro vided ttngggteja am TOBaicafaps - 
link(56). 

Another feature is the diagnostic input signals 
(140). These may be Electrocardiogram (ECG) sig- 
nals (141), Electroencephalogram (EEG), signals 

(142) , Electromyogram (EMG) signals (144), or oth- 
er diagnostic data and/or electrical input signals 

(143) . 

Another feature is the output device (130), in 
the preferred version being a cathode ray tube 
(CRT) (132). 
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Another feature is the Graphics Image Gener- 
ator Computer System (100). Within this computer 
system, which may be composed of several net- 
worked computers, several computer programs 
(32), (40), (70), and (950) run, accessing several 
blocks of memory (30), (60), and (146). These 
utilize the described input and output means to 
. graphically display a three dimensional object that 
reflects input activity and can be manipulated by 
the user. 

In accordance with the present invention, a 
Nuclear Magnetic resonance Scanner such as G.E. 
Medical Systems Model No. MR Signa Advantage 
1.5 Tesla (NMRS) General Electric Co., Milwaukee, 
Wisconsin, (10) provides Imaging Data (11) in grey 
scale two dimensional slice format It is used as 
one input to the Graphics Image Generator Com- 
puter System (100). This data is ready available 
and can be gathered from the patient undergoing 
diagnosis, or from pre-recorded data from some 
other NMRS source. The data may enter the sys- 
tem via a digital data communication link (12), 
which enters the Graphics Image Generator Com- 
puter System (100) through a provided commu- 
nications port, or read from a computer memory or 
magnetic tape (14). This data represents two di- 
mensional slices- of the heart- or other object for 
study which are used to generate a three dimen- 
sional picture. 

A computerized Tomography Scanner (20) 
such as a Siemens Medical Systems Somatom 
Plas supplies Scan Data (22) in grey scale two 
dimensional slice format is also usecf as input to 
this system. This data is readily available, and-can 
be gathered from the patient undergoing diagnosis, 
or from pre-recorded data from some other CTS 
source. The data may enter the system via a data 
communications link (24) through a provided com- 
munications port or read from a storage media, 
such as magnetic tape (26), hard discs and floppy 
discs. As an example, the chemical composition of 
selected parts of the body may be inputed. Other 
sources of chemical composition data may be used 
as inputs as well. 

A three dimensional Volume Rendering pro- 
gram, (32) such as 'Voxel View?, which reads, 
CTS, NMRS, or similar data into memory (30) is 

(100) to receive the data from communications 
links (12) and (22). "Voxel view" is a Registered 
Trademark of Vital Images, Inc. A brochure is in 
the application file, and is available from them at 
P.O. Box 551, Fairfield. Iowa 52556, (515) 472- 
7726. The data (30) is then ready to be manipu- 
lated by software (40) running in the Image Gener- 
ator Computer System (100). For example, Silicon 
Graphics Models Nos. 4D/GTB, GTXB, or VGXB 
process the input data into a format suitable to the 



model dynamics methods. The software (40) com- 
prises a conversion program which puts the data 
into a form at. in memory where each particular part 
of the heart is identified, so that model dynamics 

s programs (950) can accurately model each part's 
reaction to stimulus data. The software conversion 
program (40) is illustrated in Figure 2. 

Figure 2 is a block diagram of an example of a 
simple conversion program (40) that inputs a three 

10 dimensional data block (30), and outputs two data 
point arrays, one for atria, and the other for ventri- 
cle points stored in memory (60). The conversion 
program is entered through entry point IDENTIFY 
(410). 

is First it finds the centroid of all input data 

points (30) in the CENTROID section (420) of the 
program. It also determines the centroid of the 
upper and lower halves of the data. The upper and 
lower half centroids will be used as reference 

20 points for compressing and filling these sections. 

The next section, DIVIDE (430) positions a di- 
viding plane passing through the data centroid. 
dividing it into two halves. This dividing plane could 
be user defined. Data above the dividing plane is 

25 considered the atria and below is considered the 
ventricle. 

The next section, LOAD (440) takes this data 
and transfers it to two data point arrays, one for the - 
atria, and the other for the ventricle, in a memory 
30 section (60). The conversion program then exits 
(450). 

Hand generated data (50) from a keyboard (52) 
or stored in computer memory or stored on mag- 
netic tape (54), may be fed directly into the system 

ss by communication link (56) to add to, modify or 
correct slice shape data chemical composition data 
and to input physiological data or that data indicat- 
ing the relative strength of various parts of the 
organ to be simulated. Data may be modified for 

40 simulation or teaching purposes through Link 56. 
Modified or simulated data may also be introduced 
through communications Link 12 and 22. 

The data from the conversion program (40) and 
from hand generation is stored in residual memory 

45 (60) in the Graphics Image Generator Computer 
System (100). The image (104) of the item being 
studied, in this example a heart (106), is generated 
from this set of data. This data (60) is also acces- 
sed by the model dynamics program (950) where it 

so is modified in the procedure shown in Figure 3 to 
reflect activity in the item of study, (here heart 
106). 

Figure 3 is a block diagram followed by a 
computer program of an example of a simple phys- 
55 iological model program for a dynamic heart repre- 
sentation (950). rt is composed of an entry point 
(952), an initialization section (954) where memory 
blocks are cleared and initialized, and control vart- 
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ables are initialised. This program will access 
memory blocks (60) set up by the conversion pro- 
gram (40) as shown in Figure 2. 

The physiological model program the enters a 
loop, beginning with the Read-Wave section (960) 
where input signals data (146) is accessed. The 
first derivative of the input signal magnitude with 
respect to time will indicate whether the signal is 
increasing or decreasing. With each change of 
direction, an index identifying the current wave 
section is incremented. This index identifying the 
current wave section must be synchronised with 
the actual input signal, and this synchronisation is 
done in the next section, sync-wave (962). 

A flag is set when the wave is known to be 
synchronised and that section is skipped. Other- 
wise, the section samples the input signal over a 
period of time. The largest upward spike is the Q 
wave, where the wave magnitude corresponds to 
ventricle compression. When synchronised, the 
sync-flag is set, and this section will not perform 
again unless synchronisation is lost. 

The next section is the update-wave section 
(964). It is performed if the input signal and phys- 
iological model program are known to be synch- 
ronised (i.e. the sync flag is set). This section 
accesses the wave section index set in the read- 
wave section (960). It also accesses the current 
input signal (148), and assigns this magnitude to 
the currently indexed point in a memory section 
known as the wave form array. It also sets the 
wave type for the currently indexed point in the 
wave form array to the current wave type using the 
current wave section index set in the read-wave 
section (60). 

The next section is the Heart-Dynamics Sec- 
tion (966). ft accesses the memory (60) where the 
arrays describing the three dimensional locations of 
points on the surface of specific contours of the 
heart are stored. If the currently indexed point has 
a "P" wave type, the atria is compressed, and the 
ventricle is filled. A "Q" type will fill the atria, and 
compress the ventricle. Compression of points is 
done by computing a compression factor, depen- 
dent upon the magnitude of the input signal, com- 
puting three dimensional point transition using the 
compression factor, and modifying the array points 
containing the three dimensionaJ location of the 
points of the section to be compressed. The same 
process is done when filling a section, the dif- 
ference being, a fill factor is used instead of a 
compression factor. After the heart-dynamics sec- 
tion (966), the physiological model program returns 
to the read-wave section (960), where the current 
input signal is again sampled, the direction of sig- 
nal change is noted, and the loop is repeated. 

A Three Dimensional Graphics Program (70), 
that accesses the data (60) is provided which uses 
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geometric image functions (80) provided by the 
Graphics Image Generator Computer System (100) 
to draw an image of the item of study, and reflects 
the activity of the item, such as a heart, as mod- 
5 elled by the model dynamics program (950). Geo- 
metric Image Functions (80), are provided to draw 
simple shapes or objects. Program (70) uses these 
functions to produce an image of the item of study 
such as heart (106). The Three DimensionaJ Graph- 

io ics Program (70) is illustrated in Figure 4. 

Figure 4 is a block diagram of the three dimen- 
sionaJ graphics program (70). It runs in parallel with 
the physiological model programs (950) to draw an 
image of the item of study, in this embodiment a 

is heart. 

The program is entered through entry point 
3DMODEL (710), and continues into the initialisa- 
tion section (720) where control variables are set 
up. The program then proceeds to the 
DRAW MODEL (730) section, where graphics im- 
age functions are accessed to draw the model 
using simple geometric shapes. In this example, a 
triangular mesh technique is appropriate, and is 
fully documented by Silicon Graphics, makers of 
the preferred embodiment Graphics Image Gener- 
ator Computer. When the update pass through the 
graphics image functions is completed, the pro- 
gram waits (740) for the physiological model pro- 
grams (950) to signal the 3D Graphics Program 
(70) to update the display, ft then repeats the 
DRAW_MODEL section (730) and continues loop- 
ing. 

The Machine Operating System (90) runs with- 
in the Graphics Image Generator Computer (109) 
and is the interface between the user and the 
Graphics Generator Machine. The preferred operat- 
ing system is IRD<, which is well known, and in- 
formation is available in publications concerning the 
Graphics Generator Machine. For example, see the 
IRIX system Library, available from Silicon Graph- 
ics. 

The preferred embodiment Graphics Image 
Generator is the IRIS 4D/320VGXB from Silicon 
Graphics of Shoreline Blvd., P.O. Box 7311, Moun- 
tain View, CA 94037-2011, United States of Amer- 
ica. It has a one million vectors/second and one 
million polygons/second capacity. Publications are 
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found in the IRIS System Library, available from 
Silicon Graphics. In the preferred embodiment it is 
equipped with analog input capacity, into which 
external signals such as ECG (141), EEG (142), 
EMG (144), or other electrical signals (143) are 
input. 

In the preferred embodiment Graphics Image 
Generator System, the preferred Graphics Image 
Generator Computer is the IRIS 4D/320VGXB, and 
all computer programs are executed within it, but 
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the Graphics Image Generator Computer System 
may consist of several computers linked or net- 
worked together. - 

Power for the system is 120 volt house current 
(110) preferably having surge protection (112) in- 
cluded, is also provided. 

Interactive Devices (120) such as a keyboard 
(52) and mouse (122) are supplied with the Graph- 
ics Image Generator Computer (100). The preferred 
devices are a Silicon Graphic keyboard, model 
number EO 3410051, part number 30097 and a 
Silicon Graphics mouse, model number M4. The 
keyboard (52) connects to the keyboard port (53), 
and the mouse (122) connects to the mouse port 
(123) provided with the Graphics Image Generator 
Computer (100). These interactive devices (120) 
interact with all software programs (32), (40), (70) 
and (950) running in the system. 

The image of study is displayed on an output 
device (130). In the preferred embodiment a Colour 
CRT Terminal (132) such as a Mitsubishi Colour 
Display Model No. HA 3905, AC120V, 60 Hz, 1.6A 
is used. 

Input signals (140) from an electrocardiogram 
(ECG 141), etectroencephalogram (EEG 142), elec- 
tromyogram (EMG 144) and/or other electrical input 
signals (143te*e supplied to an analog input (148) 
into computer memory (146) of the Graphics Image 
Generator (100). TheseJnputs may be direct output 
from an actual ECG (T41), EEG (142), EMG (144), 
an ECG. EEG, or EMG simulator or other electrical 
input signals (143). These are well known diagnos- 
tic devices, and techniques for generating simu- 
lated signals thereof are aJso weH known. 

Standard Red-Green-Blue (RGB) connectors 
(150) are used in the preferred version to connect 
the CRT terminal (132) to the Graphics Image 
Generator System (100). These connectors are 
supplied with the CRT (132) and are conventional. 

The input data, such as ECG (141), EEG (142), 
EMG (144), or other electrical input signals (143) is 
converted in the Graphics Image Generator (100) to 
digital form at a memory location (146) for use in 
the model dynamic program (950) by analog input 
(148). 

The Model Dynamics Program (950), such as 
those for modelling a heart, use either actual or 
.sinm lalod iopu l^signate such as ECG (14J), EEG 

(142) , EMG (144), or other electrical input signals 

(143) to determine the reaction of the hem of 
study. It accesses the data (60) for modification to 
reflect the input signal dynamics, and the updated 
data is then displayed in the image (104) via the 
three dimensional graphics program (70) accessing 
the shared image data in memory (60). 

The system described herein consists of input 
data from various sources including, but not limited 
to, NMR data (10). CT data (20), hand generated 



data (50), or other diagnostic data. Also included 
are appropriate interactive devices (120), such as a 
keyboard (52), mouse (122), or other devices such 
as touch sensitive screens, light pens, voice rec- 
5 ognition systems, or other compatible interactive 
means (not shown). * 

The Graphics Image Generator Computer Sys- 
tem (100) is where the software programs run, and 
input data is stored and manipulated in its memory. 
io The Graphics Image Generator Computer System 
may consist of several interconnected computers. 
The software programs, such as Volume Rendering 
type (32), input conversion (40), three dimensional 
graphics (70), and physiological model (950), are 
rs user activated via appropriate devices, including 
keyboard (52) or mouse (122). The user first ac- 
tivates the Volume Rendering type input program 
(32) to bring the NMR (10), CT (20) or other data 
source into a computer memory block (30). The 
20 user then activates the input data conversion pro- 
gram (40), which accesses the Volume Rendering 
type program output data (30), puts it into a ma- 
nipulate form in memory (60) for the physiological 
model programs (950) and three dimensional 
25 graphics programs (70) to access. 

After the conversion program (40) is complet- 
ed, the user activates the 3D Graphics Program 
(70), which accesses the converted data in memory 
(60), and generates the image (104), in this case a 
so heart (106). The 3D Graphics Program (70) contin- 
ually loops within itself, accessing the data in mem- 
ory (60) and updating the display (130) each pass 
through until the user interrupts the task. While the 
3D Graphics Program (70) is running, the phys- 
35 iologtcal model program (950) is activated to moni- 
tor the input signals (140), and modify the data in. 
memory (60) to reflect the input signals. 

Meanwhile, the 3D Graphics Program (70) is 
accessing the memory (60) as updated by the 
40 physiological model program (950) and the result- 
ing change is seen in the display (130). In this 
case, the programs (70) and (950) are running in 
parallel in separate processors to take advantage of 
the dual processors in the preferred embodiment 
*5 Graphics Image Generator Computer System 
(100). the IRIS 4D/320VGXB. In accordance with 
the present invention, the programs could be fur- 
ther parallelised by using more processors, or may- 
run sequentially if only one processor is available, 
so Information on paralleltsation is available in the 
Silicon Graphics* Publications Library, available 
from Silicon Graphics. Other processors may be 
added by interconnecting the system with other 
computers to increase processing power, or pre- 
ss cessors may be replaced as faster ones become 
available. 

The programs and parameters used in these 
models may be modified or updated depending on 
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the intent of the study or diagnosis, and may 
model a wide variety of body functions including 
muscles and nerve signals throughout the body or 
bodies. Any object with three dimensional data and 
knowledge of its properties available may be mod- 5 
elled by this system. 

Another embodiment of the present invention 
involves the use of orthoscopic video data or lath- 
roscopic video data which is utilized to examine 
through a fiber optic lens and a camera located 10 
outside the body actual physical portions of organs 
of the body. These devices are well known in the 
art and the following is an example of how and 
where these devices can be purchased. M.P. Vid- 
eo; Kirschner Medical Corp. 63 S.St. Hopkinton 75 
Mass.01748. 

This data can be inputted into the present 
invention through digital data input (143) and then 
into suitable computer board (148) where the data 
is processed. 20 

In addition the physiological model program 
(950) is modified to include a suitable program to 
control the arthoscopic and latroscopic data such 
as PowerSceneTM, a program available from Cam- 
bridge Research Associates, 1430 Springhill Rd., 25 
Suite 200, McClain, VA 22102. This program is 
particularly adapted to process arthoscopic and 
lathroscopic data. This program works in conjunc- 
tion with the physiological model program (950). 

Thus by running the PowerSceneTM program 30 
in conjunction with a physiological program (950) 
the arthroscopic and lathroscopic image is avail- 
able in the CRT (132) in a manner previously 
described involving memory (60), through the ac- 
tion of three dimensional graphics program (70), 35 
geometric image functions function (80), and ma- 
chine operating system (90). 

Alternatively the arthroscopic or lathroscopic 
data may be inputted at (10) providing imaging 
data (11) which is fed into the PowerSceneTM 40 
program and works in conjunction with the three- 
dimensional volume rendering program (32). 

The PowerSceneTM program acts in conjunc- 
tion with the Voxal View program to develop a 
three-dimensional image which is fed into the 45 
memory (30). 

Software (40) then transmits this image into the 
three-dimensi onal r j «a|dj" 3 \ ' M%tfl i ^) **fm)f- g cu'im n\ 
ric image function (80), and the operating system 
(90) will generate the image to be provided in CRT 50 
(132). 

In addition the CRT (132) may be a very small 
CRT utilized on an operating physician's helmet so 
that it can be simultaneously observed by a physi- 
cian and utilized during surgical operations. Such 55 
very small CRTs are known in the art, and an 
example is Kaiser Sim-Eye from Kaiser Electro- 
Optics; 2752 Loker Ave, West; Carlsbad Calif. 



92008. 
Claims 

1. An organ image generating computer system 
comprising: means for obtaining nuclear mag- 
netic resonance imaging data directly from a 
patient; means for obtaining patient chemical 
composition tomography scan data directly 
form a patient; means for detecting electrical 
diagnostic data from a patient; a computer 
system including means for inputting said im- 
aging data, said scan data and said diagnostic 
data into a three dimensional volume rendering 
program; means for processing said inputted 
data within said computer system to form an 
organ image and any movement of said organ; 
and means for transmitting said organ image 
to a display device where said organ image 
and any movement of said organ is displayed. 

2. An organ image generating system according 
to claim 1 wherein said means for detecting 
electrical diagnostic data includes means for 
detecting electrocardiogram data, and/or elec- 
tromyogram data, and/or electroencephalo- 
gram data. 

3b A system according to claim 1 or 2 wherein 
said display device is a Cathode Ray Tube 
(CRT). 

4^ A method of modelling an animal organ com- 
prising:, providing an image generator com- 
puter system; supplying to said computer sys- 
tem imaged data from a nuclear magnetic res- 
onance imaging machine; supplying to said 
computer system chemical composition com- 
puterised tomography scan data; supplying 
electrical diagnostic data from a patient to said 
computer system; processing said image data 
and scan data in said computer system with a 
volume rendering computer program to form a 
three dimensional image; processing said di- 
agnostic data in said computer system with 
said three dimensional image to form an organ 
image and any movement of said organ; trans- 
Tnitting^saBi- organ image to a display device; 
and displaying said organ image and any 
movement thereof in said display device. 

5. An organ computer simulation system com- 
prising: a computer having a computer mem- 
ory; electrode means for obtaining at least one 
diagnostic data waveform from a patient; di- 
agnostic data waveform input means for sup- 
plying said diagnostic data waveform into said 
computer; means for obtaining organ cross 
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sectional slice data from a patient; slice data 
input means for supplying said organ slice 
data into said computer; means for obtaining 
chemical composition data from said patient; 
input means for supplying said chemical com- s 
position data into said computer; computer 
processing means in said computer for pro- 
cessing said diagnostic data, said slice data, 
said chemical composition data to define an 
organ sub-part waveform; means for calculat- to 
ing any organ movement of said organ as a 
result of changes in said sub-part waveform; 
and means for displaying said organ and any 
movement thereof resulting form changes in 
said sub-part waveform. rs 

An organ simulation system comprising: a 
computer having a computer memory ; elec- 
trode means for obtaining diagnostic data from 
a patient having an organ to be simulated; 20 
diagnostic data electrical input means for sup- 
plying said diagnostic data into said computer 
memory; imaging means for obtaining cross 
sectional slice data from said patient; slice 
data electrical input means for supplying said 25 
slice data to said computer memory; chemical 
composition electrical input means for sup- 
plying chemical composition data relative to 
said patient into said memory; means for ac- 
cessing said diagnostic data, said slice data 30 
and said chemical composition data from said 
computer memory; means for transferring said 
diagnostic data, said slice data and said 
chemical composition data to a computer pro- 
cessor; processing means in said computer for 35 
taking the first derivative of said diagnostic 
data with respect to time to define a diagnostic 
waveform; means for synchronising said di- 
agnostic waveform with said slice data and 
said chemical composition data to define a 40 
combination wave for illustrating of said organ; 
means within said computer for calculating 
movement of said organ based upon changes 
in said combination wave; and means for dis- 
playing in colour said organ and any move- 45 
ment thereof based on changes in said com- 
bination wave for observation. 

A heart computer simulation system compris- 
ing: a computer having a computer memory; 50 
electrode means for obtaining at least one di- 
agnostic data waveform from a patient; said 
computer memory including diagnostic mem- 
ory means for storing said diagnostic data 
wave form within said memory; imaging means 55 
for obtaining cross sectional slice data from a 
patient; slice data input means for supplying 
said organ slice data to said computer mem- 



ory; chemical composition electrical input 
means for supplying chemical composition 
data relative to said patient into said memory; 
said memory including means for storing said 
slice data and said chemical composition data 
within said system; accessing means for ac- 
cessing said slice data and said chemical com- 
position data from said memory; transferring 
means for transferring said slice data and said 
chemical composition data to at least one im- 
age generating computer processor; said im- 
age generating processor processing said slice 
data and said chemical composition data to 
define heart sub-part atria and ventricle three 
dimensional data; means for transferring said 
three dimensional data to a physiological 
model processor; means for processing said 
three dimensional data in said physiological 
model processor in a loop; means for acces- 
sing said diagnostic data waveform from said 
diagnostic data memory means; means for 
transferring said diagnostic data waveform to 
said physiological model processor and into 
said loop; means for taking the first derivative 
of said diagnostic data waveform with respect 
to time to obtain the direction and rate of 
change of a diagnostic data waveform in said 
loop; manual means for modifying one of said 
chemical composition data and said slice data 
as a result of the direction and rate of change 
of said diagnostic data waveform; means for 
synchronising said diagnostic data waveform 
and said three dimensional data to define P 
and Q wave waveform signals; means for com- 
puting a compression factor based on said P 
wave and said Q wave signals, said P wave 
compressing the atria and filling the ventricle, 
and the Q wave filling the atria and compress- 
ing the ventricle; graphic image means for 
continuously simulating the heart and any 
movement thereof as a result of said modifica- 
tion of said slice, and said chemical composi- 
tion data; and cathode ray tube means for 
displaying said heart and any movement there- 
of in colour for observation. 

8. A method of simulating an organ in a computer 
system comprising: obtaining diagnostic data 
from a patient with electrical contacts attached 
to said patient; forming an image from cross- 
sectional slice data of the patient's organ; sup- 
plying said slice data to a computer simulation 
system; transferring said slice data to an im- 
age generator computer processor in said 
computer simulation system; processing said 
slice data within said image generation com- 
puter processor to define said patient's organ 
data; supplying said organ data to a phys- 



Printed from Mimosa 00/09/04 12:47:16 Page: 7 



13 BP 0 660 252 A1 

iological model processor within said computer 
simulation system; supplying said diagnostic 
data to said physiological model processor to 
obtain a diagnostic data waveform; synchronis- 
ing said diagnostic data waveform with said 5 
organ data within said processor; processing 
said organ data and diagnostic data waveform 
to obtain a synchronised wave; transferring the 
drawn image to a display device; and display- 
ing any movement of the organ based on said to 
synchronised wave for observation in said dis- 
play device. 

9. A method of simulating an organ in a computer 

system comprising: obtaining diagnostic data is 
from a patient with electrical contacts attached 
to said patient; obtaining chemical composition 
data relative to the patient; supplying said 
chemical composition data to a computer sim- 
ulation system; forming an image from cross- 20 
sectional slice data of the patient's organ; sup- 
plying said slice data to said computer simula- 
tion system; transferring said slice data and 
chemical composition data to an image gener- 
ator computer processor in said computer sim- 2s 
ulation system; processing said chemical com- 
position rtata- -Jmrt c^rf «.|j rp rfofo within said 

image generation computer processor to de- 
fine said patient's organ data; supplying said 
organ data to a physiological modei processor 30 
within said computer simulation system; sup- 
plying said diagnostic data to said physiologi- 
cal model processor to obtain a diagnostic 
data waveform; synchronising saitf diagnostic 
data waveform with^said organ data, within said 35 
processor; processing said organ data and di- 
agnostic data waveform to obtain a synch- 
ronised wave; transferring the drawn image to 
a display device; and displaying any move- 
ment of the organ based on said synchronised 40 
wave for observation in said display device. 
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